Objective: The aim of this study was to evaluate the 8-year outcome of school-based intervention on weight status, lifestyle and blood pressure (BP) as part of the Kiel Obesity Prevention Study (KOPS). Methods: Within a quasi-randomized controlled trial, 240 intervention (I) and 952 non-intervention (NI) students at age 6 and 14 years were assessed in schools. Six nutrition units followed by 20-min running games were performed within the first year at school. Primary outcome was the 8-year change in body mass index standard deviation score (BMI-SDS) according to German references. Effective intervention was tested using multilevel linear regression analysis. Results: Eight-year changes in BMI-SDS were +0.18 and +0.22 with increases in prevalence of overweight from 8.3 to 10.4% and 7.0 to 11.2% in I and NI students, respectively. Cumulative 8-year incidence of overweight was 5.9% and 7.1% in I and NI students, respectively. There was no overall effect of intervention, but a significant interaction was shown between the intervention and the socio-economic status (SES), which demonstrated that in high SES, the 8-year change in BMI-SDS was in favour of I (-0.17 in I and +0.17 in NI; p < 0.01). Intervention had no measurable effects on lifestyle and BP. Conclusions: School-based health promotion has some favourable and sustained effects on 8-year changes in BMI-SDS, which are most pronounced in students of high SES families. The data argue in favour of further preventive measures.
Introduction
Childhood obesity is a major public health problem. Since treatment of obesity is difficult and showed low success rates [1] , preventive measures are necessary. Within the last years, many preventive programs were conducted in Germany as well as worldwide [2] [3] [4] [5] [6] . These data gave evidence for small or even no effect on childhood overweight. However, most of these programs were uncontrolled, and short-term effects were evaluated only. By contrast, long-term effects of schoolbased interventions to prevent childhood overweight have been rarely investigated. In a recent systematic review of school-based interventions to prevent childhood obesity, 38 studies were identified of which only 14 studies had a followup period of more than 1 year [2] . Of these 14 studies, 8 studies had a follow-up period of 2 years, and 3 further studies of 3 years. Four-year follow-up data of school-based intervention were published for the Kiel Obesity Prevention Study (KOPS) [7] as well as for the Swedish STOPP study [8] . Within the Cretan Health and Nutrition Education Program, children were followed for up to 10 years [9] . This program revealed that changes in blood pressure, body mass index (BMI) z-score, some dietary indices as well as physical activity were in favour of the intervention group when compared with the control group. The importance of long-term evaluations over several years is reflected by the results of the French EPODE study [10] : In the North French population, there was no effect between the intervention and control group after 4 years but 12-year follow-up data showed a significant lower prevalence of overweight in the intervention group when compared to the control group. These data argue in favour of long-term success rates which might have been overlooked in short-term intervention studies.
Plachta-Danielzik/Landsberg/Lange/ Seiberl/Müller Within KOPS, a school-based intervention was started in 1996 and students were followed over 8 years [11] . At 1-year follow-up, intervention had significant effects on increases in median triceps skin folds of the whole group as well as percentage body fat mass (%FM) of overweight children [11] . Four-year follow-up data only showed selective effects due to socio-economic status (SES) and parental body weight: when compared with non-intervention children increases in prevalence and cumulative 4-year incidence of overweight were lower in intervention children of high SES and children of normal weight mothers [7] . Altogether the KOPS experience suggests some but selective effects of school-based prevention of childhood overweight. To address sustainability, we now present 8-year follow-up data of KOPS.
Material and Methods

Study Population
Between 1996 and 2001 we enrolled 4,997 6-year-old children during the school entry examinations, i.e. 41% of the total population (n = 12,254 born in Kiel between 1990 and 1995). There were no eligibility criteria except willingness to participate. All parents gave their informed written consent. The study was approved by the local ethical committee. The KOPS cohort was representative for all 6-year-old children in Kiel (prevalence of overweight: 12.8% in KOPS; 11.8% in the total population; low/ middle/high SES: 46.8/20.7/32.5% in KOPS; 45.8/20.5/33.8% in the total population) [12] . A total of 1,192 of our initial population (24%) could be re-investigated at the age of 14 years.
Measurements
Anthropometric (height, weight, waist circumference (WC)) as well as tetra-polar bioelectrical impedance analysis (BIA) (fat mass calculated with a population specific algorithm) measurements were performed by trained nutritionists [13] . A questionnaire (answered by the parents for 6-year-olds and by the adolescents themselves, response rate 55%) addressed i) diet, ii) physical activity and inactivity, iii) self-reported weight and height of parents, and iv) parental education. Blood pressure was measured using a sphygmomanometer on the right arm after a 5-min rest in the 14-year-old students.
Study Design
School-based intervention was performed between 1996 and 2001 in 2-4 'intervention schools' per year. The schools were randomly assigned to the intervention and non-intervention group. Randomisation (selection of a random sample of schools performed with SPSS) and characteristics of schools have been described in detail previously [7] . Fourteen of 32 schools in Kiel served as 'intervention schools' where 780 first graders were addressed (T0). In the following years, former 'intervention schools' served as 'non-intervention schools'. After 8 years (T1), 240 students ( = I, 30.8%) were re-investigated. The data of these students were compared with longitudinal data on children from 'non-intervention schools' (= NI, n = 952). To analyze effectiveness, T1-T0 changes in variables were considered. Eight-year change in BMI standard deviation score (BMI-SDS) was the primary outcome. WC and %FM were considered as secondary outcome parameters. The effect of intervention on lifestyle variables and blood pressure was analyzed in a subgroup of 651 ((120 I; 531 NI) and 1,189 (239 I; 950 NI) students, respectively. All investigations were blinded, i.e. examiners could not identify intervention children.
Intervention
All first graders of 'intervention schools' were addressed by 6 nutrition units performed during 2-3 weeks within the second term of the first school year. Messages were i) to eat fruit and vegetable every day, ii) to reduce intake of high fat foods, iii) to keep active at least 1 h a day, and iv) to decrease TV consumption to less than 1 h per day. Messages were conveyed by use of nutrition fairy tales, interactive games as well as by preparing a healthy breakfast. After each unit, running games were offered for 20 min on the school yard. Games and recipes for a healthy breakfast should be implemented in the school routine. Parents were informed during a parental school meeting. Teachers were trained within a half-day structured nutrition education program (for further information on the intervention see [7] ).
Outcome Parameters
Weight Status BMI-SDS and overweight (BMI ≥ 90th percentile) were calculated according to actual German BMI reference percentiles [14] . Due to missing German reference values on %FM and WC, z-scores of %FM and WC were calculated based on the KOPS cohorts of 6-and 14-year-old students. The time span between T0 and T1 was 8.3 + 0.4 years. T1 data were corrected to 8 years by linear extrapolation using the following equation: e.g. BMI corrected (T1) = ((BMI (T1) -BMI (T0)) / (age (T1) -age (T0)) * 8) + BMI (T0). School-Based Prevention of Overweight 37 the children and SES. However, within participants and dropouts, there were no significant differences between I and NI students (table 1). The dropout rate was significantly higher in NI than in I (77.3 vs. 69.9%).
Statistics
Statistical analysis was performed with SPSS 15.0 for Windows (SPSS Inc., Chicago, IL, USA) and STATA 11 (College Station, TX, USA). Results were presented as median and interquartile range (IQR). The nonparametric Mann-Whitney U-test and the chi-square test were used to determine between-group differences in continuous and categorical variables, respectively.
Multivariate Analysis
Randomization was done at school level. A multilevel approach was used due to the hierarchically data structure (level 1: students, level 2: schools). Multilevel linear regression analyses on 8-year changes in BMI-SDS, z-score of FM and WC were performed using school-based intervention, BMI-SDS at baseline, z-score of FM and WC at baseline, sex, SES, and BMI of the mothers as dependent variables as well as schools as cluster variable (XTMIXED command in STATA). In addition, interaction terms between school-based intervention and sex, SES, and BMI of the
Lifestyle Variables
Food intake was assessed by a validated food frequency questionnaire, and a dietary pattern index was calculated [15] . Regular sport activities (high: > 1 h per week in 6-year-olds; > 3 h per week in 14-year-olds) and inactivity (watching TV or playing computer games, high: > 1 h media time per day in 6-year-olds; > 3 h per day in 14-year-olds) were assessed using a validated questionnaire [16] . Lifestyle factors were reported by parents for the 6-year-olds and self-reported by the adolescents.
Blood Pressure
Hypertension was defined by the age-specific 95th percentile for systolic and/or diastolic blood pressure as recommended by the Second Task Force on Blood Pressure Control in Children [17] .
Analysis of Dropouts
Students who were re-investigated after 8 years ( = participants) were more often female and had a lower prevalence of overweight as well as overweight mothers and belonged more often to high SES when compared with students who were investigated at age 6 years only ( = dropouts) (table 1) . Due to the selection bias, data were weighted on the distribution of the whole KOPS cohort with regard to weight status of Table 2 . Characterisation of the study population before (T0) and after 8-year observation period (T1) (data are given as median (interquartile range) weighted on the reference population a ) Plachta-Danielzik/Landsberg/Lange/ Seiberl/Müller cumulative 8-year incidence of overweight was 5.9 and 7.1% in I and NI students. The 8-year cumulative remission of overweight was 40.0 and 34.3% in I and NI students, respectively. A multilevel linear regression analysis was performed with changes in BMI-SDS as dependent variable (table 3) . BMI-SDS at baseline, SES, and BMI of the mothers significantly influenced 8-year changes in BMI-SDS. Students with a high BMI-SDS at baseline had smaller 8-year changes than students with a lower BMI-SDS at baseline. With increasing SES, 8-year change in BMI-SDS was decreasing. The higher the BMI of the mothers, the higher was the 8-year change in BMI-SDS in the students. In addition, the interaction between intervention and SES was significant, i.e. the effect of intervention was different in different SES groups. To better characterize the direction of effect, figure 1 shows the mediator effect. Eight-year changes in BMI-SDS were significantly lower in I students of high SES families when compared with NI students of high SES families (-0.17 (-0.58-0.44) and mothers were considered. In the analyses of co-morbidities, systolic and diastolic blood pressures were log-transformed to normalize data. Level of significance was set at p < 0.05 (two-sided).
Statistical Power Analysis
KOPS was designed to be large enough to detect a mean difference in BMI-SDS of 0.1 (or 0.3 BMI units or 0.84 kg) with a power of 80% at the two-tailed significance level. To reach this, 235 I and 947 NI students were needed. Sample size calculation was performed with Win Episcope 2.0.
Intention to Treat Analysis
To assess the potential effect of selective dropout, we conducted an 'intention to treat' analysis. Multilevel linear regression analyses on 8-year changes in BMI-SDS were performed based on three assumptions regarding dropouts. First, all dropouts became or stayed overweight (scenario 1); second, all dropouts became or stayed normal weight (scenario 2); and third, none of the dropouts changed their weight status (scenario 3). Estimation of 8-year changes in BMI-SDS for dropouts were done according to mean changes in BMI-SDS in participants: persistent normal weight students: +0.20, incident overweight and persistent overweight students: +1.13, remittent normal weight students: -0.87.
Results
Characteristics of the Study Population
Weight status of I students was compared with the weight status of NI students (table 2) . Baseline data as well as 8-year followup data are presented; 8-year changes (ΔT1-T0) were calculated. Distribution of sex, SES, and weight status of the mothers did not differ between I and NI. At T0 I students were taller and had a lower BMI-SDS when compared with NI students. At T1, I students were still taller than NI students. BMI at baseline (p = 0.056), 8-year changes in WC (p = 0.086) and z-score of WC (p = 0.071) tended to be lower in the intervention group.
Eight-Year Changes in Weight Status
Prevalence of overweight increased from 8.3 to 10.4% and from 7.0 to 11.2% in I and NI students, respectively. The well as BMI of the mothers were significant determinants. SES also explained variance of 8-year changes in z-score of %FM. An effect of intervention could not be shown in these analyses.
+0.17 (-0.29-0.60) in I and NI, respectively; p < 0.01). Multilevel linear regression analysis was repeated using 8-year change in z-score of %FM and WC as dependent variable (table 3) . The baseline value of the dependent variable as Table 4 . Prevalence of lifestyle habits (dietary pattern index (DPI), physical activity, inactivity) before (baseline) and 8 years after intervention in intervention (I) and non-intervention (NI) students in all students (n = 116 in I, n = 498 in NI) and stratified by SES (low: n = 25 in I, n = 110 in NI; middle: n = 37 in I, n = 147 in NI; high: n = 54 in I; n = 241 in NI) Blood pressure was significantly correlated with BMI-SDS (systolic: r = 0.237, diastolic: r = 0.200; p < 0.000 for both), z-score of %FM (systolic: r = 0.173, diastolic: r = 0.174; p < 0.000 for both) and WC (systolic: r = 0.282, diastolic: r = 0.210; p < 0.000 for both) at age 14 years. Correlation coefficients of BMI-SDS and z-score of WC were comparable whereas the correlation coefficients of z-score of %FM to blood pressure were lower. Eight-year changes in BMI-SDS and z-score of WC were correlated with blood pressure (systolic: r = 0.142 and r = 0.186, diastolic: r = 0.108 and r = 0.120 for Δ BMI-SDS and Δ z-score WC, respectively; p < 0.000 for all). Eight-year changes in %FM showed a correlation to systolic blood pressure only (r = 0.084, p = 0.005). In 14-year-old students, there were no significant differences in systolic and diastolic blood pressure between I and NI students (table 5) . However, prevalence of high blood pressure tended to be lower in I when
Intension to Treat Analysis
In all 3 scenarios, the interaction between school-based intervention and SES remained significant (β coefficient ± standard error, p value: for scenario 1: -0.060 ± 0.03, p = 0.018; for scenario 2: -0.050 ± 0.02, p = 0.013; for scenario 3: -0.060 ± 0.03, p = 0.018). Table 4 shows prevalence of lifestyle habits in I and NI students before and 8 years after intervention. Lifestyle habits were similar in I and NI students. However, 8-year changes in healthy dietary patterns, physical activity, and media time consumption tended to be better in I when compared to NI. Stratifying data according to SES (table 4) showed that 8-year changes in the dietary pattern index tended to be better in high SES when compared to low SES. Differences between I and NI were highest in low SES. Eight-year changes in physical activity were similar in all SES groups but differences between I and NI were highest in low SES. Changes in inactivity were mainly seen in low SES but a successful intervention was seen in students from middle SES only. provide a clearer picture of the intervention effect on body composition. In theory, an intervention focussing on physical activity may result in a reduction of skin folds concomitantly with no effect on BMI (reduction in fat mass and a concomitant increase in muscle mass). However, there is still no consensus on the most suitable parameter to characterize weight status in childhood due to a different accuracy of measurement (for BMI higher than for WC and %FM) as well as possibly different long-term association with co-morbidities.
Lifestyle Habits
Intervention Effect on Lifestyle Habits
The KOPS data did not show a long-term effect of intervention on lifestyle habits (table 4) . Since an effect of intervention in BMI-SDS was seen in students of high SES only, lifestyle data were also stratified according to SES. However, no effects became obvious in students of high SES. This may be due to the fact that the assessment of lifestyle habits was relatively poor as it is possible in epidemiological field studies only. These data were based on self-reports and measured as categorical variables (physical activity and media time) and qualitative food frequency. However, reproducibility and validity were proofed and assessed as acceptable (see methods).
In addition, the aims of our intervention were to improve a healthy lifestyle in general and were not focussed on concrete lifestyle changes. The rationale of interventions on childhood obesity is that children are requested to improve lifestyle habits and as a result, an amelioration of weight status will be detected. Thus, changes in weight status are the primary outcome in most studies and long-term changes in lifestyle habits are rarely documented, at most in the short term in the context of a process evaluation. However, some studies showed concomitant changes in lifestyle habits as well as in weight status [21, 27] . In other studies, lifestyle habits were improved but there was no effect on weight status [28, 29] .
Intervention Effect on Co-Morbidity BMI-SDS, z-score of WC and %FM at age 14 years as well as 8-year changes in these parameters were positively correlated blood pressure (see results). The latter finding confirms the impact of intervention on prevention of childhood overweight. This is in line with an American study on 6th-grade students where a high BMI was associated with cardiometabolic risk factors [30] . A recent study on American Indian children showed that childhood overweight and hypertension were associated with premature death from endogenous causes [31] . Regarding intervention, we did not observe a significant difference in blood pressure between I and NI students (table 5) .
Strengths and Limitations of the Study
The strengths of this study include its use of longitudinal data over an 8-year time span, which up to now is unique for school-based intervention on childhood overweight. Furthermore, we used a multilevel approach to control for possible compared with NI. An inverse social gradient in prevalence of elevated systolic and/or diastolic blood pressure was seen in I students but not in NI students (table 5) . None of the SES groups showed significant differences in blood pressure between I and NI.
Discussion
The long-term follow-up data of KOPS showed that schoolbased health promotion had some favourable and sustained effects on BMI. However, the effect was seen in students of high SES families only (table 3, fig. 1 ). This is in line with the SES selective effect of intervention seen in the 4-year followup data of KOPS [7] . By contrast, our previously observed effect in children of normal weight mothers is lost after 8 years of follow-up. Selective effects of intervention have also been described by other authors. Some of the interventions were successful in girls only [18] [19] [20] [21] [22] , whereas in one study only boys were successful [23] . Ethnic differences were found in an American study [24] as well as in a German study [25] . However up to now none of the studies and also none of the numerous reviews published so far have addressed the issue of SES selective effects of preventive measures. This is surprising since a low SES was already shown as a barrier of familybased intervention [26] . Because of the inverse social gradient in overweight, a very recent German intervention study was conducted in low SES areas [25] . Accordingly, this intervention was effective in non-immigrants only. All these data suggest that further primary prevention programmes have to be tailored to the individual needs and contexts of children and adolescents.
Different Parameters of Weight Status as Outcome
As with most studies on childhood overweight, our primary outcome parameter was change in BMI-SDS ('overweight'). However, we repeated our analyses using change in z-score of %FM ('overfat') and WC ('overwaist') as alternative outcome parameters. We could show in the 4-year follow-up data that all 3 parameter were similarly effective regarding intervention and were also similarly associated with co-morbidities [13] . Thus all parameters seemed to be appropriate for risk assessment in children and adolescents. In the 8-year follow-up data, a significant effect of intervention was only reached using BMI-SDS, but the same directions of effect were seen for %FM and WC (table 3) . A converse effect regarding different outcome parameters used was also found in other studies. In the review of Doak et al. [5] , 3 studies were effective regarding a reduction in BMI and skin folds, 2 studies were effective in BMI but not in skin folds, and 5 studies were effective regarding skin folds but not BMI. The more recent review of Brown et al. [2] found 2 studies that were effective according to BMI-SDS but not with respect to WC or skin folds. Studies using different outcomes have the advantage to Plachta-Danielzik/Landsberg/Lange/ Seiberl/Müller cluding environmental and political involvement. Long-term surveillance is necessary to evaluate the sustainability of intervention programs in a school setting.
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clustering effects of students within schools. Despite these strengths, this study had some limitations. We had a high dropout rate resulting in a bias towards normal weight subjects (table 1) . However, we have used weight factors to adjust for this, and both intervention and non-intervention students were affected. The dropout rate was higher in NI and in I. This might be due to the fact that in each year some whole schools dropped out because of lack of time and/or limited personnel. Since we had up to 4 I schools and up to 29 NI schools per year, the probability that a NI school dropped out was higher than that for an I school. Thus, we do not think that there were different reasons for dropout at the individual level. In addition, the intention to treat analysis confirmed the effect of intervention in students of high SES families. The data were limited by inaccuracies of selfreported lifestyle habits, which may add to the 'no effect' of intervention. We cannot exclude that there was an exchange on information between teachers, parents and children of different schools or within schools of different age groups. However, we think that this would have a negligible effect on our outcome.
Conclusion
This 8-year follow-up study provides evidence that schoolbased health promotion has sustained effects and is effective in a subgroup of students from high SES families. However, the data argue in favour of further preventive measures in-
